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R649DispatchesThe Cohesin Complex: A Platform for Checkpoint
Activation and DNA Repair?In mitosis, the cohesin complex contributes to DNA damage checkpoint
activation and repair, presumably by keeping sister chromatids linked to
provide a template for repair. A recent study illustrates that this complex
plays a similar role during meiosis, even though the preferred partner for
meiotic DNA repair is the homologous chromosome.Catherine R. Paschal
and Needhi Bhalla
During mitosis, the accidental
introduction of DNA damage by
exogenous or endogenous factors
activates a signal transduction
cascade that monitors damage in cis
and amplifies this signal to produce
one of two responses: either an arrest
of the cell cycle in an attempt to repair
the lesion, or the initiation of apoptosis
to remove the defective cell. These
mechanisms ensure that if the
damaged cell goes on to generate
daughter cells, each will have a
complete chromosome complement
and avoid aneuploidy, which can
contribute to cancer progression.
Depending on when the damage
occurs, DNA repair pathways can
either re-ligate the two ends by
non-homologous end joining
(G1 or S phase), use a homologous
chromosome (G1 or S phase) as a
template for repair or use a sister
chromatid (S phase or G2) [1]. A sister
chromatid would be the obvious choice
of template to maintain genomic
integrity and prevent loss of
heterozygosity.
The cohesin complex is loaded onto
chromosomes during replication and
holds sister chromatids together until
anaphase. Composed of two members
of the structural maintenance of
chromosomes (SMC) family, Smc1
and Smc3, this protein complex also
includes additional subunits, such as
the kleisins, the identity of which can
vary depending on the cellular context
(e.g., Scc1 is present in the mitotic
cohesin complex). More recently, an
additional role has been assigned to
this complex: from yeast to mammals,
experiments have illustrated that loss
of cohesin or the factors that are
required for its loading cripple the
ability of cells to respond to DNAdamage [2]. Chromatin
immunoprecipitation experiments in
budding yeast indicate that cohesin
is specifically recruited to sites of
damage and this recruitment requires
the initial steps of the DNA damage
response, specifically the activation
of checkpoint kinases [3]. Indeed,
subunits of the cohesin complex are
phosphorylated in response to DNA
damage and mutation of these
phosphorylation sites affects the
progress of DNA repair and the
checkpoint response [4–6]. These
results have led to the attractive idea
that cohesin, by virtue of its ability
to hold sister chromatids together,
stabilizes a preferred template for
repair in close proximity to promote
genomic stability in response to
DNA damage.
In contrast to mitosis, meiosis halves
the chromosome complement to
generate haploid gametes from a
diploid cell. During this specialized cell
division, double-strand breaks (DSBs),
a form of DNA damage, are deliberately
introduced. These DSBs are necessary
for crossover recombination, the
exchange of genetic material
between homologous chromosomes.
Inter-homolog recombination not
only enables the swapping of alleles
that underlie natural selection and
adaptation, it is required for the
proper segregation of chromosomes
during meiosis I. Therefore, preferred
templates for meiotic DNA repair are
homologous chromosomes and not
sister chromatids. In fact, a mechanism
is in place to repress use of sister
chromatids as a repair partner [7].
If recombination is disrupted and
DSBs cannot be repaired using a
homolog as a template, the DNA
damage checkpoint is activated as
in mitosis [8].
The cohesin complex is also required
in meiosis to hold sister chromatidstogether. In addition, cohesin performs
meiosis-specific events and its
molecular make-up reflects this:
the meiotic complex includes Smc1
(as well as Smc1 meiosis-specific
variants in mice [9]), Smc3 and
meiosis-specific kleisins, such as
Rec8 in most organisms [10]. These
meiosis-specific complexes are
required for crossover recombination
and therefore proper meiotic
chromosome segregation [10]. Given
the homolog bias inmeiotic DNA repair,
the role of meiotic cohesins in the DNA
damage response was unknown.
A recent study from Martinez-Perez,
as reported in this issue of Current
Biology, nicely addresses this issue
[11]. The authors identified a mutant
allele of scc-2, a factor essential for the
loading of the cohesin complex onto
chromosomes. Consistent with reports
from other systems as well as studies
in Caenorhabditis elegans, they found
that the complete absence of the
cohesin complex from meiotic
chromosomes resulted in an inability
to form crossovers and the persistence
of unrepaired recombination
intermediates. However, these
unrepaired DSBs failed to activate the
DNA damage checkpoint, suggesting
that the meiotic cohesin complex is
also required for DNA damage
checkpoint activation. Additional
experiments indicate that the inability
to activate the checkpoint is a
consequence of a delay in the early
processing of DSBs, which may have
a downstream effect on the recruitment
of checkpoint-specific repair factors.
For example, HUS-1, a member of
the C. elegans 9-1-1 complex that is
recruited early to sites of damage,
does not localize to meiotic
chromosomes in scc-2 mutants.
In the process of characterizing the
scc-2 mutant, the authors observed
an interesting phenomenon. Complete
depletion of scc-2 by RNA interference
or mutation resulted in an inability to
load meiotic cohesin and defects in
DNA repair that failed to activate
the checkpoint. However, partial
knock-down of scc-2 by RNA
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loading onto meiotic chromosomes.
This partial loading of cohesin resulted
in similar defects in DNA repair that
were now competent to activate the
DNA damage checkpoint.
The involvement of cohesin in
the DNA damage response during a
specialized cell division in which the
sister chromatid is not the preferred
partner in repair raises the question of
what role the cohesin complex plays
in DNA damage repair and checkpoint
activation. The straight-forward
concept that the complex holds sister
chromatids in close proximity as a
template for repair is not relevant in this
situation. The additional observation
that a fraction of cohesin on meiotic
chromosomes, while not enough
to support proper inter-homolog
recombination, can support
checkpoint activation, presents
an alternative hypothesis. Cohesin
may contribute to chromosome
architecture in a way that promotes
checkpoint activation and DNA repair
independent of sister chromatid
cohesion [12]. Indeed, this possibility
has been suggested by experiments
in mitotic vertebrate cells, in which
depletion of cohesin subunits
abrogated the DNA damage
checkpoint in G2. However, depletion
of an accessory factor required for
establishment of cohesion did not
alter checkpoint activation,
suggesting a role independent of sister
chromatid cohesion in checkpoint
activation [13]. Thus, in both mitosis
and meiosis, the cohesin complex
may act as a molecular platform on
chromosomes that promotes DNA
damage checkpoint activation and
DNA repair [12].Additional questions are raised
by the studies performed by
Martinez-Perez and his colleagues.
Since cohesin is required for the DNA
damage response in meiosis, is the
mechanism of its regulation the same
as in mitosis? Are the same residues
in the same subunits of the cohesin
complex phosphorylated by
checkpoint kinases in response
to persistent recombination
intermediates? Experiments from
budding yeast suggest that this may
be an oversimplification. Koshland
and colleagues showed that Scc1,
the mitotic kleisin, supports
DSB-dependent cohesion and DNA
repair in G2. However, if the meiotic
kleisin, Rec8, is expressed during the
mitotic cell cycle, it cannot generate
cohesion in G2 and DSB repair is
disrupted. They attribute this difference
to a single amino acid residue in Scc1
that is phosphorylated by a DNA
damage checkpoint kinase and is not
conserved in Rec8 [14]. However, the
SMC members of the cohesin complex
are also targets of checkpoint kinases
during the DNA damage response in
vertebrate cells. Since it is becoming
apparent that multiple organisms have
more than one meiotic cohesin
complex defined by different kleisin
subunits, it is possible that the DNA
damage checkpoint may target the
common members of these meiotic
complexes, Smc1 and Smc3 [4–6].References
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Motion Vision during Motor ActionA recent study identifies mechanisms of state-dependent modulation of
visual processing, using a comprehensive approach of electrophysiology
in the behaving animal, pharmacology and computational modelling.Kit D. Longden and Holger G. Krapp
Imagine you are running for your life:
the faster you run, the faster the world
rushes past. Your survival crucially
depends on properly analysing theimage flow across your eyes which is
essential to coordinate your escape.
How does your visual processing
adjust to the situation? Recent
recordings of visual neurons in awake,
behaving animals have shown thatlocomotion can alter the gain and
velocity tuning of central visual neurons
[1–7]. A new study [8] now extends
these exciting findings by identifying
biophysical and computational
mechanisms which suggest how the
locomotor state changes the gain, set
point and velocity tuning of neurons
in the fly motion vision pathway.
The fly’s flight and your pursuit
share at least three issues that your
respective visual systems must cope
with. First, the range of neural
responses can be matched to the
dynamic range of the stimuli [9]. This
